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(54) Implant delivery assenfibly with expandable coupling/decoupling mechanism 



(57) An occlusive implant delivery assembly in- 
cludes a rapid response decoupling or detachment 
mechanism that does not effect significant migration of 
the implant during release. The assembly includes an 
occlusive implant device, such as an embolic coil, a 
pusher or device to carry the implant to the selected lo- 



cation, and an expandable coupling-decoupling mech- 
anism for releasing the implant at the selected site. The 
mechanical construction provides rapid release times. 
In addition, the releasing mechanism generally operates 
without exerting any significant force on the implant, 
thereby avoiding any significant displacement of the im- 
plant during release. 
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Description 

[0001 ] The present invention generally relates to sur- 
gical instrunnents. More particularly, the invention re- 
lates to delivery assemblies for delivering an occlusive 
device, such as an embolic coil, to a selected site within 
a mammal using an expandable coupling or decoupling 
mechanism. 

[0002] The endovasculartreatment of a variety of vas- 
cular maladies throughout the body is an increasingly 
more important form of therapy. Catheters have been 
used to place various treatment materials, devices, and 
drugs within arteries and veins in the human body. Ex- 
amples of these devices and their use in such treat- 
ments are shown in U.S. Patent Nos. 5,234,437 and 
5,261 ,91 6, in which methods and devices for delivery of 
coils or wires within the human body to sites, such as 
aneurysms, to occlude those sites are disclosed. Coils, 
such as those discussed in these documents as well as 
in U.S. Patent No. 4,994,069, may be of a regular or 
helical configuration or assume a random convoluted 
configuration at the site. The coils normally are made of 
a radiopaque, biocompatible metal such as platinum, 
gold, tungsten or alloys of these and other metals. In 
treating aneurysms, it is common to place a number of 
coils within the aneurysm. The coils occlude the site by 
posing a physical barrierto blood flow and by promoting 
thrombus formation at the site. 

[0003] Coils have typically been placed at the desired 
site within the vasculature using a catheter and a push- 
er. The site is first accessed by the catheter. In treating 
peripheral or neural conditions requiring occlusion, the 
sites are accessed with flexible, small diameter cathe- 
ters such as those shown in U .S. Patent Nos. 4,739,768 
and 4,813,934. The catheter may be guided to the site 
through the use of guidewires (see U.S. Patent No. 
4,884,579) or by flow-directed means such as balloons 
placed at the distal end of the catheter. Use of 
guidewires involves the placement of relatively long, 
torqueable proximal wire sections within the catheter at- 
tached to moref lexible distal end wire sections designed 
to be advanced across sharp bends at vessel junctions. 
The guidewire is visible using x-ray techniques and al- 
lows a catheter to be navigated through extremely tor- 
tuous vessels, even those surrounded by soft tissue 
such as the brain. 

[0004] Once the site has been reached, the catheter 
lumen is cleared by removing the guidewire (if a 
guidewire has been used), and one or more coils are 
placed into the proximal open end of the catheter and 
advanced through the catheter with a pusher. Pushers 
are wires having distal ends adapted to engage and 
push the coil through the catheter lumen as a pusher 
itself is advanced through the catheter. Once the coil 
reaches the distal end of the catheter, it is discharged 
from the catheter by the pusher into the vascular site. 
However, there are concerns when discharging the coil 
from the distal end of the catheter. For example, the 



plunging action of the pusher and the coil can make it 
difficult to position the coil at the site in a controlled man- 
ner and with a fine degree of accuracy. Inaccurate place- 
ment of the coil can be problematic because once the 
5 coil has left the catheter, it is difficult to reposition or re- 
trieve the coil. 

[0005] Several techniques involving Interlocking De- 
tachable Coils (IDCs), which incorporate mechanical re- 
lease mechanisms and Guglielmi Detachable Coils 

10 (GDCs), which utilize electrolytically actuated release 
mechanisms, have been developed to enable more ac- 
curate placement of coils within a vessel. 
[0006] One technique for detaching an embolic coil is 
shown in U.S. Patent No. 5,261 ,91 6. According to that 

15 technique, a coil having an enlarged portion is mated 
with a pusher having a keyway adapted to receive the 
enlarged portion of the coil in an interlocking relation- 
ship. The joint between the pusher and the coil is cov- 
ered by a coaxial member. The coaxial member is mov- 

20 able by sliding the member axially. As the coaxial mem- 
ber is moved away from the junction where the coil's 
member engages the keyway of the pusher, the coil is 
freed from the catheter assembly and the pusher may 
then be removed. 

25 [0007] Another IDC device for placement of coils is 
shown in U.S. Patent No. 5,234,437. This device in- 
cludes a coil having a helical portion at least one end 
and a pusher wire having a distal end that is threaded 
inside on the helical coil by use of a threaded section on 

30 the outside of the pusher. The device operates by en- 
gaging the proximal end of the coil with a sleeve and 
unthreading the pusher from the coil. Once the pusher 
is free, the sleeve may be used to push the coil out into 
the targeted treatment area. 

35 [0008] U.S. Patent No. 5,312,415 discloses the use 
of a catheter having a constricted or feathered end to 
retain a number of embolic coils on a guidewire for pre- 
cise placement using a pusher sheath. 
[0009] Electrolytic coil detachment is disclosed in U. 

40 s. Patent Nos. 5,122,136 and 5,354,295. As disclosed 
in U.S. Patent No. 5,122,136, the coil is bonded via a 
metal-to-metal joint to the distal end of the pusher. 
The pusher and coil are made of dissimilar metals. The 
coil-carrying pusher is advanced through the catheterto 

45 the site and a small electrical current is passed through 
the pusher-coil assembly. The current causes the joint 
between the pusher and the coil to be severed via elec- 
trolysis. The pusher may then be retracted leaving the 
detached coil at an exact position within the vessel. 

50 Since no significant mechanical force is applied to the 
coil during electrolytic detachment, highly accurate coil 
placement is readily achieved. In addition, the electric 
current may facilitate thrombus formation at the coil site. 
The only perceived disadvantage of this method is that 

55 the electrolytic release of the coil may require a period 
of time that may inhibit rapid detachment of the coil from 
the pusher. 

[0010] Another method of placing an embolic coil is 
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disclosed in U.S. Patent No. 5,108,407. Tliis patent 
shows the use of a device in which ennbolic coils are 
separated from the distal end of a catheter by the use 
of heat-releasable adhesive bonds. The coll adheres to 
thetherapeutic device via a mounting connection having 
a heat sensitive adhesive. Laser energy is transferred 
through a fiber optic cable which terminates at that con- 
nector. The connector becomes warm and releases the 
adhesive bond between the connector and the coil. 
Among the drawbacks of this system is that it involves 
generally complicated laser optic componentry. 
[001 1 ] There is a need to provide alternative mechan- 
ical mechanisms for delivering implants, such as embol- 
ic coils, that combine accurate positioning capability 
with rapid implant decoupling response times. 
[0012] The present invention provides a mechanical 
occlusive implant delivery assembly having a rapid re- 
sponse decoupling or detachment mechanism that does 
not effect significant migration of the implant during re- 
lease. The assembly includes an occlusive implant de- 
vice, such as an embolic coil, a pusher or device to carry 
the implant to the selected location, and an expandable 
mechanism that is expanded or contracted to release 
the implant at the selected site. The invention advanta- 
geously incorporates a release mechanism that simply 
involves unloading a locking force, which is preferably 
uniformly applied, thereby avoiding the transmission of 
any significantforceto the implant during release. In ad- 
dition, the locking members preferably have generally, 
smooth, rounded configurations so that they do not 
catch and dislodge previously positioned coils upon re- 
traction. 

[0013] According to a first embodiment of the inven- 
tion, the occlusive implant delivery assembly includes 
an occlusive implant; a pusher having a proximal section 
and a distal section; a coupling having first and second 
portions, the first portion being coupled to the distal sec- 
tion of the pusher and the second portion being coupled 
to the Implant; and an inflatable member having a prox- 
imal portion and a distal portion, the proximal portion 
being coupled to the distal section of the pusher. At least 
a portion of the inflatable member is disposed in the cou- 
pling such that when inflated, It expands the coupling 
and decouples the coupling from either the implant or 
the pusher. With this arrangement, rapid implant release 
times can be achieved with minimal, if any, force being 
applied to the implant. That is, the hydraulic pressure is 
only transmitted to the detachment point or juncture be- 
tween the Inflatable member and the implant, and not to 
the implant. 

[0014] According to another aspect of this embodi- 
ment, the inflatable member and coupling are config- 
ured so that the hydraulic pressure generated by the in- 
flatable member is applied uniformly to the inner circum- 
ferential surface of the coupling. Thus, any force that 
may be applied to the implant in the radial direction is 
countered by an equal, but opposite force, thereby 
avoiding implant displacement during release. In the 



preferred embodiment, the coupling Is cylindrical with 
an essentially uniform radius and the inflatable member 
is essentially symmetrical about its longitudinal axis in 
the inflated and uninflated states. 
5 [0015] According to anotherembodiment of the inven- 
tion the implant delivery assembly comprises an occlu- 
sive implant having a tubular portion; a pusher having a 
proximal section and a distal section; and an inflatable 
member having a first portion coupled to the distal sec- 
tion of the pusher and a second portion disposed in the 
tubular portion of the Implant such that upon inflation of 
the inflatable member the implant and member tend to 
separate, More specifically, the coil slides off of the in- 
flatable member. In addition to causing minimal post de- 
livery migration of the implant, this construction provides 
an advantageously simple one-piece decoupling mech- 
anism, which can be readily manufactured. 
[0016] According to another aspect of this embodi- 
ment, the inflatable member and tubular portion also are 
configured as described above so that the hydraulic 
pressure generated by the inflatable member is applied 
uniformly to the inner circumferential surface of the tu- 
bular portion, In the preferred embodiment, the inner 
surface of the tubular portion is essentially symmetrical 
about its longitudinal axis and the inflatable member is 
essentially symmetrical about its longitudinal axis when 
inflated or deflated to provide an essentially uniformly 
distributed force to the inner circumference of the tubu- 
lar section. 

[0017] According to yet a further embodiment of the 

invention, the implant delivery assembly comprises an 
occlusive implant having a tubular portion; a pusher hav- 
ing a proximal section and a distal section; a core mem- 
ber slidably disposed within the pusher and extending 
into the tubular portion; and a locking member releasa- 
bly coupled to the coil and core member. With this con- 
struction the release mechanism is simply mechanically 
expanded to interlock the implant to the pusher and re- 
laxed to release the implant. 

[0018] In a first configuration, the locking member 
comprises an elastomeric ring, such as an O-ring, and 
the core member includes a locking portion and a ta- 
pered portion adjacent thereto. The diameter of the core 
member exceeds the Innerdiameter of the ring such that 
when the hng Is positioned on the locking portion it ex- 
pands and frictionally locks the tubular portion thereto. 
On the other hand, the tapered portion tapers to a diam- 
eter that allows the ring to contract. In the preferred em- 
bodiment, the tapered portion is less than or equal to 
the inner diameter of the ring when the ring is in its re- 
laxed state. When the core member is retracted, the ta- 
pered portion becomes positioned within the ring and 
allows the ring to radially contract and release the tubu- 
lar portion and, thus, the implant, as the locking member 
returns to Its relaxed state. 

[0019] In another configuration, the locking member 
comprises a flexible sleeve and the core member ex- 
tends into the sleeve and is secured thereto. The sleeve 
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is configured so tinat wlien axially compressed, it ex- 
pands radially against the inner surface of the tubular 
portion and frictionally locks the implant thereto. The 
core member is retracted to compress the sleeve 
against a restraint, expand it radially and lock the im- 
plant to the delivery assembly. When it is desired to re- 
lease the implant, the core member is advanced to re- 
move the axial compression and radially contract the 
sleeve. 

[0020] These configurations advantageously elimi- 
nate the need for auxiliary hydraulics. 
[0021] The invention will be further described by way 
of example, with reference to the accompanying draw- 
ings, in which:- 

FIG. 1 shows a catheter apparatus constructed ac- 
cording to a general embodiment of the present in- 
vention; 

FIG. 2 is an enlarged, fragmentary view of an oc- 
clusive implant delivery assembly, constructed ac- 
cording to the principles of the present invention, 
disposed within a catheter; 

FIG. 3 is a perspective view of the coupling mech- 
anism that forms part of the release mechanism 
shown in FIG. 2; 

FIG. 4 is an enlarged, fragmentary view of the im- 
plant delivery assembly of FIG. 2 with the implant 
positioned at a desired location; 
FIG. 5 is a further view of the implant delivery as- 
sembly shown in FIG. 4 with the coupling of the re- 
lease mechanism expanded to unlock and release 
the implant from the pusher; 
FIG. 6 shows the release mechanism deflated and 
retracted from the implant location; 
FIG. 7 is an enlarged, fragmentary view of another 
embodiment of the implant delivery system of the 
present invention with the release mechanism in a 
locked state; 

FIG. 8 illustrates the release mechanism of FIG. 7 
in an unlocked state; 

FIG. 9 is a further embodiment of the release mech- 
anism of the present invention; 
FIG. 1 0 is a further view of the release mechanism 
shown in FIG. 9 showing the mechanism actuated 
to release the coil therefrom; 
FIG. 1 1 is a further view of the release mechanism 
shown in FIGS. 8 and 9 illustrating the implant fully 
detached from the mechanism; 
FIG. 1 2 is an enlarged, fragmentary view of yet an- 
other embodiment of the release mechanism of the 
present invention showing the mechanism in a 
locked state; 

FIG. 13 is a further view of the release mechanism 
of FIG. 1 2 illustrating the mechanism in an unlocked 
configuration; 

FIG. 14 is yet a further embodiment of the release 
mechanism of the present invention illustrating the 
mechanism in a locked configuration; and 



FIG. 15 is a further view of the release mechanism 
of FIG. 14 showing the mechanism in an unlocked 
configuration and the implant released therefrom. 

5 [0022] Referring to the drawings in detail, wherein like 
numerals indicate like elements, several embodiments 
of an occlusive implant delivery assembly are shown ac- 
cording to the principles of the present invention. 
The various embodiments employ an expandable 

10 mechanism, which is expanded or contracted, to decou- 
ple and release the implant at the desired site. Although 
variously configured implants can be used in conjunc- 
tion with the assembly of the present invention, an em- 
bolic coil type implant will be described for purposes of 

15 example. 

[0023] The operation of the assembly generally com- 
prises the steps of (1) advancing a catheter through a 
vessel lumen, for example, to the vicinity of the site to 
be occluded (e.g., an aneurysm, vascular malformation, 
20 or arterial venous fistula), (2) advancing the implant de- 
livery assembly through and beyond the catheter to the 
location, and (3) radially expanding or contracting the 
release mechanism to detach the implant from the as- 
sembly. 

25 [0024] Referring to FIG. 1 , a catheter apparatus 2 suit- 
able for guiding the occlusive implant delivery assembly 
and providing actuation pressure for the hydraulically 
actuated release mechanism embodiments is shown. 
Catheter apparatus 2 generally includes a catheter 4, 

30 syringe 6 and sidearms (adapters) BA and 8B. Catheter 
4 generally comprises an elongatetubular member hav- 
ing proximal and distal end portions 1 0 and 1 2. The cath- 
eter is preferably between about 50-300 cm in length, 
and typically between about 60-200 cm in length. The 

35 catheter also is designed for accessing a vessel site at 
which, for example, vasoocclusion is desired. For ex- 
ample, the vessel site may be within a small diameter 
vessel having 2-5 mm lumen diameter and accessible 
by way of a tortuous vessel path which may involve 

40 sharp vessel turns and multiple vessel branches. In that 
case, the catheter preferably has a small diameter, flex- 
ible construction with a lumen diameter of less than 
about 40 mil, and preferably between about 8-30 mil. 
Catheters of this type, which are typically used for ac- 

45 cessing deep brain vascular sites, are commercially 
available. 

[0025] The elongated tubular member or catheter 4 is 
secured at its proximal end 10 to sidearm 8A, which is 
of conventional design for introducing fluids or appara- 

50 tus into the catheter. The end of proximal section 32 of 
pusher 26, which will be described in more detail below, 
extends through sideann 8A and is coupled to the distal 
or downstream end of sidearm 8B. Sidearm 8B, which 
is otherwise essentially similar in construction to side- 

55 arm 8A, can include a tubular extension 14 that sur- 
rounds a portion of the pusher as shown in FIG. 1 . Man- 
drel 54, 56 or 68, which extends through the pusher, as 
will be discussed below in connection with FIGS. 9-15, 
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extends through one tube of sidearm SB. The discharge 
tip of syringe 6, which is used in conjunction with the 
embodinnents shown in FIGS. 2-11 is fluidly coupled to 
the other tube of sidearm 8B and, thus, the inner lumen 
of pusher 26 through which the aforementioned man- 
drels extend. 

[0026] Syringe 6 is of conventional construction and 
includes a cylindrical barrel 1 8 and a plunger 20 that is 
reciprocally mounted therein. A stopcock 22 preferably 

is provided in the discharge piece of the syringe for 
opening or closing the fluid connection between the sy- 
ringe and pusher lumen. Alternatively, the stopcock can 
be provided in a connector (not shown) that couples the 
discharge piece of the syringe to sidearm SB. When the 
stopcock is in the closed position, the decoupling or re- 
lease mechanism of the implant delivery assembly will 
not be inadvertently actuated, thereby avoiding wrongly 
positioning the implant within the body as a result of 
such accidental discharge of liquid from the syringe into 
the catheter. 

[0027] As discussed above, the implant delivery as- 
sembly, which is generally designated with reference 

numeral 24 in FIG. 1 , is guided through catheter 4 to- 
wards the intended vasoocclusion site. Occlusive im- 
plant delivery assembly 24 generally comprises a push- 
er or elongated carrier member 26, a coil type occlusive 
implant 28 and a decoupling or release mechanism for 
releasing the implant from the assembly. Although coil 
28 is shown in the drawings as a uniform diameter hel- 
ical coil wire, it may have other configurations. It is im- 
portant, however, thatthecoil be dimensioned to be able 
to be advanced through a catheter that is sized to ac- 
cess the desired site. The coil may be made of radio- 
paque, biocompatible metal such as platinum, gold, 
tungsten, stainless steel or alloys of these metals. Pref- 
erably, the coil comprises platinum, gold, tungsten or al- 
loys of these metals so that its location at the site may 
be readily viewed radiograph ically. 
[0028] For use in occluding peripheral or neural sites, 
the coils will typically be made of 0.05 to 0. 1 5 mm diam- 
eter platinum wire that is wound to have an inner diam- 
eter of 0.15 to 0.96 mm with a minimum pitch (i.e., the 
windings are close or tight). The length of the wound 
wire (i.e., the coil) will normally be in the range of 0.5 to 
60 cm, and preferably 0.5 to 40 cm. For wires intended 
for use in vessels with diameters of about 2 mm and 
smaller, the coil has a preferred length of about 0.5 to 
20 cm. The coil can have any shape. For example, it can 
be formed so that it takes an essentially linear configu- 
ration in which it may be advanced through the catheter 
and assume a randomly oriented configuration, such as 
helical, after it is released from the catheter and in a re- 
laxed state as disclosed in U.S. Patent No. 4,994,069, 
which is hereby incorporated herein by reference. 
[0029] Referring to FIGS. 2-6, a first embodiment of 
the occlusive implant delivery assembly, will be de- 
scribed, The delivery assembly shown in FIGS. 2-6 gen- 
erally comprises a pusher or elongated carrier member 



26, coil 28 and coupling 30. The pusher preferably has 
a tubular construction to provide a lumen for fluidly cou- 
pling a source of pressurized fluid, such as syringe 6, 
and an inflatable member utilized in decoupling the coil 
5 from the pusher, as will be described in more detail be- 
low. Pusher 26 also preferably has a proximal section 
that is rigid enough to facilitate torque transmission to 
the distal portion of the pusher. The distal section of the 
pusher may be constructed to be more flexible than the 
proximal portion to facilitate navigation of the distal sec- 
tion into very tiny vessels encountered in the brain, for 
example. 

[0030] In the preferred embodiment, proximal tubular 
section of pusher 26 (designated with reference numer- 
al 32) is a metal tube, preferably a stainless steel tube, 
and the distal section of pusher 26, section 34, compris- 
es a coil 36, which is wrapped in a flexible, elastomeric 
film 38 to fluidly seal the spaces between the coil wind- 
ings. Film 38 also overlaps section 34 to seal the junc- 
ture between section 34 an coil 36. Film 38 can be in 
the form of shrinkwrap and, thus, applied to coil 36 and 
proximal section 34 with conventional shrinkwrap tech- 
niques. Coil 36 and, thus, distal coiled section 34 is se- 
cured to the proximal tubular section 32 by welding, sol- 
dering, brazing, or adhesive. 

[0031 ] Alternatively, a more simple pusher configura- 
tion may be used in which the pusher comprises a rigid 
plastic tube which can be ground with a tapered distal 
section to achieve the desired flexibility. Suitable mate- 
rials for this configuration include PEEK and polyimide. 
The inner diameter of the distal section in this configu- 
ration preferably is significantly less than the outer di- 
ameter of the proximal section to which the balloon can 
attached (e.g., glued). In a preferred embodiment, the 
lumen, which provides forfluid flow between the source 
of pressurized fluid and the balloon, has a diameter of 
about 0.007 inch throughout its length and the distal sec- 
tion has an outer diameter of about 0.014 inch . The outer 
diameter of the proximal section depends on the appli- 
cation. For a 3 French catheter, the outer diameter of 
the proximal section may be about 0.016 to 0.018 inch. 
Although particular pusher configurations have been 
described, it should be understood that other configura- 
tions may be used without departing from the scope of 
the invention. 

[0032] A conventional inflatable balloon 40, having a 

construction similar to those used in conventional bal- 
loon catheters, is secured to the distal end of coil 36 by 
adhesive, for example, such that a fluid tight path is 
formed between the interior of the balloon and the cen- 
tral lumen of pusher26, which is formed by proximal and 
distal sections 32, 34 of pusher 26. 
[0033] Returning to FIG. 2, balloon 40 extends into 
tube 42, which is also secured to implant coil 28 by weld- 
ing, soldering, brazing or adhesive. As shown in FIG. 2, 
coupling 30 comprises a tubular member or split tube 
having slots formed in the axial direction and which open 
into the end of the tube that is directly coupled to the 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 290 988 A1 



10 



distal portion of pusher coil 38. The tube to pusher cou- 
pling can be accomplished by a pressure fit, welding, 
soldering, brazing or adhesive. Slots 42 form multiple 
segments 44 in tubular coupling 30 and facilitate dis- 
placement of those segments to effect release of the coil 
implant from the pusher, as will be deschbed in more 
detail below. Although a two slot configuration is shown, 
other multiples of slots can be used to facilitate displace- 
ment of the proximal portion of the coupling as well as 
other conventional jaw or latch clamping configurations. 
[0034] Tubular coupling 30 can be made from plati- 
num, stainless steel or plastic that is biocompatible with 
the environment in which the coupling will be placed, 
The coupling 30 preferably also has a very thin wall of 
about 0.001 to 0.0003 inches. 

[0035] The implant delivery assembly of FIGS. 2-6 will 
be further described by way of the following operative 
example which is provided merely for exemplary pur- 
poses and is not intended to limit the invention to a par- 
ticular application. 

[0036] A catheter is inserted through the vessel lumen 
to the site to be occluded (e.g., an aneurysm, vascular 
malformation, or arteriovenous fistula. Conventional 
catheter insertion and navigational procedures involving 
guidewire and/or flow-directed means may be used to 
access the site with the catheter. Thus, although not 
shown, catheter4may include a guidewire usable there- 
with to guide the distal end of the catheter toward the 
desired or selected occlusion site. Guidewires of this 
type are commercially available, and generally include 
an elongate wire having a tapered, wire-wound distal 
end region which is adapted to be advanced through a 
tortuous vessel path, with the catheter being moved ax- 
ially along the advanced guidewire. 
[0037] Once the distal end of the catheter is posi- 
tioned at the selected site (its location may be deter- 
mined by a coating at the distal end of the catheter with 
a radiopaque material or otherwise affixing such a ma- 
terial to the distal end of the catheter or incorporating 
such a material into the distal end of the catheter), the 
catheter is cleared. For example, if a guidewire has been 
used to position the catheter, it is withdrawn from within 
the catheter. 

[0038] Then , the implant delivery assembly, as shown 
in FIG. 2, is introduced into the proximal end portion of 
catheter 4, and advanced toward the distal end portion 
of catheter 4. The proximal end of pusher 26 is manip- 
ulated via sidearm 8B, to which it is attached, so that 
coupling 30 and coil implant 28 extend beyond the distal 
end of the catheter with coupling 30 free of the catheter 
and the coil positioned exactly at the desired site (FIG. 
4). Stopcock 22 is then placed in an open position and 
the plunger of syringe 6 advanced to inflate balloon 40 
as shown in FIG. 5. As balloon 40 is inflated, it further 
opens split tube or coupling 30, i.e., segments 44 are 
displaced radially outward to decouple coupling 30 and 
coil 28 from pusher 26 without transmitting any signifi- 
cant force to coil 28. The balloon is then deflated by re- 



tracting the plunger in syringe 6, thereby releasing cou- 
pling 30 from balloon 40 so that the pusher can be re- 
tracted without altering the position of coil 28. After the 
desired number of coils have been placed at the site, 

5 the catheter is withdrawn from the vessel. 

[0039] Referring to FIGS. 7 and 8, a further embodi- 
ment of the release or decoupling mechanism is shown 
similar to that shown in FIGS. 2-6, but in which coupling 
30' has its proximal portion fixedly secured to the distal 

10 end of coiled portion 34. In addition, coupling 30' in- 
cludes end walls 48 at its distal end for overlapping end 
piece or cap 50 provided at the proximal end of coil im- 
plant 28'. That is the end walls, which generally form 
jaws, releasably secure coil 28' to coupling 30' and, thus, 

15 releasably secure coil 28' to pusher 26. Coupling 30' al- 
so differs from coupling 30 in that slots 42' are formed 
in the distal portion of the coupling. Once the coil implant 
is positioned at the desired location, fluid is introduced 
through the hollow pusher member and into balloon 40, 

20 as described above, to displace segments 44' radially 
outward and release coil 28' from coupling 30' (FIG. 8). 
The balloon can then be deflated and the pusher retract- 
ed. With this configuration, the coupling is advanta- 
geously withdrawn with the pusher. 

25 [0040] Referring to FIGS. 9-11 , a further embodiment 
of the invention is shown. This embodiment essentially 
differs from those described above in that the release 
or decoupling mechanism simply comprises a balloon. 
The balloon extends from the pusher with its proximal 

30 portion close fit within coil 28. When it is desired to de- 
ploy the coil, the balloon is inflated, and as the balloon 
expands, the coil slides off the end of the balloon as will 
be described in more detail below. 
[0041] The decoupling mechanism of FIGS. 9-11 

35 comprises a balloon 40' having its open end secured to 
the distal coiled section 34 of pusher 26, for example, 
by adhesive. Balloon 40' is packed into the proximal por- 
tion of coil 28 such that the balloon frictionally engages 
the inner surface of coil 28 and secures the coil to the 

40 balloon. To enhance the securement between the coil 
and balloon, the balloon is constructed such that, when 
in the deflated state, the balloon has a plurality of cir- 
cumferentially extending ribs 52, which preferably are 
configured to have a pitch corresponding to that of the 

45 coil so that the ribs can snugly fit between the windings 
of the coil. The ribs can be formed by placing a mandrel 
into the balloon, wrapping a thread around the balloon 
in the regions where the ribs are desired to be located, 
and then dipping the balloon, mandrel and thread as- 

50 sembly in a reservoir of elastomeric material, such as 
silicon, to fomn an outer ribbed elastomeric coating for 
the balloon. 

[0042] The decoupling mechanism of the embodi- 
ment illustrated in FIGS. 9-11 also preferably includes a 
55 mandrel 54 which extends from outside sideamn 88 
through catheter 12 via the interior lumen of pusher 26 
and into balloon 40'. Mandrel 54 facilitates inserting bal- 
loon 40' within coil 28 and preferably is sized to force 
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the outerwall of the balloon againstthe inner circumfer- 
ential surface of coil 28 to enhance the interlocking con- 
nection between the coil and balloon. 
[0043] In operation, the pusher and the mandrel are 
advanced through catheter 4 until coil 28 is positioned 
at the desired location (FIG. 9). The mandrel is then re- 
tracted or withdrawn from the balloon and the syringe 
actuated to inflate the balloon 40' as described above 
(FIG. 1 0). In this case, it is important that mandrel 54 is 
sized so that when placed in the pusher lumen, sufficient 
space between the mandrel and the inner surface of the 
proximal and distal sections 32, 34 of pusher 26 is 
formed. In this manner, the interior of balloon 40' can be 
fluidly coupled to the syringe 6 when stopcock 22 is in 
the open position and the mandrel is in the pusher. As 
the balloon inflates and stretches, the ribs generally flat- 
ten and the proximal end of coil 28 slides off the distal 
end portion of balloon 40'. In order to avoid axial dis- 
placement of the coil, the balloon can be retracted as it 
is inflated. 

Alternatively, the end of the balloon can be positioned 
where the proximal end of the coil is desired to be finally 
located, As the balloon inflates, the proximal end of the 
coil will ultimately be located at the distal end of the bal- 
loon. The balloon position can be determined by con- 
ventional means such as radiographic techniques. The 
pusher can then be retracted as shown in FIG. 11 and 
the balloon deflated. The procedure is repeated if the 
delivery of additional coils is desired. 
[0044] Referring to FIGS. 12-1 5, further embodiments 
of the invention are shown in which the release or de- 
coupling mechanism comprises a mechanically ex- 
pandable or locking member rather than a fluidly inflat- 
able/expandable balloon. The expandable locking 
member fits within the proximal end of the coil and is 
radially expanded to grip the inner circumferential sur- 
face of the coil. When the expandable member is re- 
turned to a generally relaxed state so that its diameter 
decreases, the coil is released. 

[0045] The decoupling mechanism shown in FIGS. 12 
and 13 generally comprises core wire or actuating mem- 
ber 56 and an elastomeric ring or locking member 60, 
such as an O-ring, which is slidably mounted on core 
wire 56. Core wire or mandrel 56 includes a proximal 
locking portion 62, which preferably has a generally uni- 
form diameter, and a distal tapered or unlocking portion. 
More specifically, the diameter of the core wire locking 
portion exceeds the inner diameter of the ring such that 
when the ring is positioned on the locking portion it ex- 
pands against the inner circumferential surface of coil 
28 and frictionally locks the coil thereto (FIG. 12). On 
the other hand, the tapered portion tapers to a diameter 
that allows the hng to radially contract and release the 
coil. In the preferred embodiment, the tapered portion 
tapers to a diameterthat is less than or equal to the inner 
diameter of the ring when the ring is in its relaxed state. 
When the core wire is retracted, the tapered portion be- 
comes positioned within the ring and allows the ring to 



radially contract and release the coil as it returns to its 
relaxed state (FIG. 13). Core wire 56 can be ground to 
the desired shape as is conventional in the art. 
[0046] In addition, the distal portion of actuating mem- 

5 ber 56 includes a stop member 66 to ensure that the 
elastomeric ring 60 does not become detached from the 
actuating member. Otherwise the ring would become 
free to migrate in the blood stream, which could result 
in an embolism. A disc 58 optionally may be secured to 

10 the distal end of coil 36 by welding, soldering, brazing 
or adhesive to simplify retraction of the pusher as will 
be discussed in more detail below. 
[0047] In operation, ring 60 is positioned on the lock- 
ing portion of core wire 56 between the core wire and 

15 coil 28. Then, the pusher and core wire are both ad- 
vanced through catheter 4 so that coil 28 eventually ex- 
tends beyond the catheter and is positioned at the de- 
sired location (FIG. 12). Once coil 28 is so positioned, 
core wire 56 is slowly retracted, causing the tapered dis- 

20 tal portion 54 to slide within the opening of ring 60, there- 
by allowing the ring to return to its relaxed, unexpanded 
state. In this state, the ring diameter is significantly less 
than the inner diameter of coil 28 to facilitate rapid coil 
release. As the core wire is further retracted, stop mem- 

25 ber 66, which has a larger diameter than the inner di- 
ameter of ring 60, catches the ring and carries it as the 
core wire is completely withdrawn from coil 28 (FIG. 13). 
When disc 58 is incorporated, the entire pusher 26 can 
be withdrawn by merely retracting actuating member 56 

30 as stop member 66 acts on coil 36 through ring 60 and 
disc 58 as is apparent from the drawings. 
[0048] Referringto FIGS. 14and 15, a further embod- 
iment of the release or decoupling mechanism is shown. 
The decoupling mechanism illustrated in these figures 

35 generally comprises a core wire or actuating member 
68, disc or retaining member 70 and sleeve or locking 
member 72. Sleeve 72 is compressed to expand it in the 
radial direction and interlock the coil to the pusher as- 
sembly (FIG. 14). Once in place, it is extended to release 

40 the coil therefrom (FIG. 15). 

[0049] Core wire 68 extends from sidearm 8B as 
shown in Fig. 1 . The distal end portion of core wire 68, 
preferably is secured to the distal end of sleeve 72 so 
that when the core wire 68 is retracted, sleeve 72 is com- 

45 pressed in the axial direction against disc 70 as shown 
in FIG. 14. Sleeve 72 preferably is of a material that, 
upon compression in the axial direction, will expand ra- 
dially to interlock with coil 28. Accordingly, sleeve 72 can 
comprise fabric and, preferably, comprises braided ma- 

50 terial in which the degree of radial expansion generally 
depends upon the pitch of the braiding. 
[0050] The actuator is initially positioned as shown in 
FIG. 14 with the open end of sleeve 72 compressed 
against disc 70. The coil is released from the pusher as- 

55 sembly by simply advancing the core wire 68 as shown 
in FIG. 15 while maintaining pusher 26 is a fixed posi- 
tion. Then, pusher 26 and core wire 68 are concurrently 
retracted so as to maintain sleeve 72 in its extended po- 
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sition, while withdrawing sleeve 72 from coil 28 without 
placing any significant mechanical force on the coil in 
either the radial or axial direction. 
[0051] The above is a detailed description of several 
embodiments of the invention. It is recognized that de- 
partures from the disclosed embodiments may be made 
within the scope of the invention and that obvious mod- 
ifications will occurto a person skilled in the art. The full 
scope of the invention is set out in the claims that follow 
and their equivalents. Accordingly, the claims and spec- 
ification should not be construed to unduly narrow the 
full scope of protection to which the invention is entitled. 



Claims 

1 . An occlusive implant delivery assembly (24) for oc- 
cluding a site in a mammal, said assembly compris- 
ing: 

an elongated carrier member (26) having a 
proximal section (32), a distal section (34), and 
a lumen extending therethrough; and 
an occlusive implant (28, 28') coupled to the 
distal section (34) of the elongated carrier 
member (26); 

wherein the distal section (34) of the elongat- 
ed carrier member (26) and the occlusive implant 
(28, 28') are so constructed and arranged that the 
occlusive implant (28, 28') may be uncoupled from 
the elongated carrier member (26) upon the deliv- 
ery of pressurized fluid along the lumen. 

2. The assembly of claim 1 , wherein said distal section 
(34) is arranged to be radially expanded upon the 
delivery of pressurized fluid along the lumen. 

3. The assembly of claim 1 or claim 2, wherein said 
elongated carrier member (26) is a tube. 

4. The assembly of any one of the preceding claims, 
wherein said implant is not in fluid communication 
with said lumen. 

5. The assembly of any one of the preceding claims, 
wherein said distal section further comprises a ra- 
dially expandable coupling that is arranged to un- 
couple said implant when the coupling is radially ex- 
panded by said pressurized fluid. 

6. A method of uncoupling an occlusive implant (28, 
28') from a distal section (34) of an elongated carrier 
member (26) of an occlusive implant delivery as- 
sembly (24), the method comprising: 

positioning the assembly (24) with the occlu- 
sive implant (28, 28') coupled to the distal sec- 



tion (34) of the elongated carrier member (26); 
and 

directing pressurized fluid along the lumen of 
the elongated carrier member (26) such that the 
5 pressurized fluid causes a radial expansion at 

the distal end of the elongated carrier member 
(26) so as to decouple the occlusive implant 
(28, 28') from the elongated carrier member 
(26). 

10 

7. The method of claim 6, wherein said elongated car- 
rier member is a tube. 

8. The method of claim 6 or claim 7, wherein the distal 
15 section of the elongated carrier member comprises 

a radially expandable coupling that uncouples said 
implant when the coupling is radially expanded by 
said pressurized fluid. 

20 9. The method of any one of claims 6 to 8, wherein the 
implant is not in fluid communication with said lu- 
men. 

10. An implant delivery assembly for occluding a site in 
25 a mammal, said assembly comprising: 

an occlusive implant; and 
a catheter having a proximal section, a distal 
section, and a lumen extending therethrough, 
30 wherein said implant is detached from the cath- 

eter when a pressurized fluid is delivered 
through said lumen. 

11. The assembly of claim 10, wherein said distal sec- 
35 tion is radially expandable upon application of fluid 

pressure to release said implant. 

12. The assembly of claim 1 0 or claim 1 1 , wherein said 
catheter is a tube. 

40 

13. The assembly of any oneof claims 10 to 12, wherein 
said fluid is not in fluid communication with said im- 
plant. 

45 14. Theassembly of any oneof claims 10 to 13, wherein 
the distal section of said catheter further comprises 
a radially expanding coupling that releases said im- 
plantwhen thecoupling is radially expanded byfluid 
pressure. 

50 

15. The assembly of any one of claim 1 to 5 and 1 0 to 
14, wherein said implant is a coil. 

16. The assembly of any one of claims 1 to 5 and 1 0 to 
55 1 5, wherein said distal section is more flexible than 

said proximal section. 

17. A method for detaching an occlusive implant into a 



15 



20 9. 



30 



8 



15 EP 1 290 988 A1 

body cavity comprising tlie steps of: 

1) inserting a catheter having a distal section 
and having an implant attached to said distal 

section; 

ii) placing the implant at a site to be occluded; 

iii] directing a pressurized fluid to the distal sec- 
tion through a lumen in said catheter such that 
the pressurized fluid radially expands the distal 
section to release said implant. 

18. The method of claim 17, wherein said catheter is a 
tube. 

19. The method of claim 17 or claim 18, wherein the 
distal section of said catheter further comprises a 
radially expanding coupling that releases said im- 
plant when the coupling is radially expanded by fluid 
pressure. 

20 

20. The method of any one of claims 1 7 to 1 9, whereby 
the implant is not in fluid communication with said 
lumen. 

21. The method of any one of claims 6 to 9 and 1 7 to 25 
20, wherein said implant is a coil. 
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